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1HZ VWUDWHJLHV IRU WKH XVH RI HQHUJ\ IURP UHQHZDEOH UHVRXUFHV QRQIRVVLO IXHOV DQG FDUERQ
FDSWXUH DQG VWRUDJHDUH EHLQJ GHYHORSHGDW D ODUJH VFDOH ,Q SDUWLFXODU UHVHDUFK WDUJHWHG DW
GHYHORSLQJ QHZ DSSURDFKHV IRU &2 VHSDUDWLRQ KDV EHHQ XQGHUWDNHQ E\ WKH VFLHQWLILF
FRPPXQLW\7KHXVHRI LRQLF OLTXLGV,/V IRU&2VHSDUDWLRQKDVUHFHLYHGJURZLQJDWWHQWLRQ LQ
UHFHQW\HDUVQRWRQO\GXHWRWKHLUKLJKOHYHOVRIVROXELOLW\DQGVHOHFWLYLW\RI&2UHODWLYHWRRWKHU
JDVHVEXWDOVREHFDXVHRIWKHLUXQLTXHLQWULQVLFSURSHUWLHV>@,WKDVEHHQVKRZQWKDWWKHEHVW
ZD\ WR DSSURDFK ,/V IRU LQGXVWULDO JDV VHSDUDWLRQ LV WR XVH SRO\PHULF LRQLF OLTXLGV 3,/V WR
SUHSDUHPHPEUDQHVEHFDXVHWKH\SUHVHQWIXQGDPHQWDOHQJLQHHULQJDQGHFRQRPLFDGYDQWDJHV
>@ 6LQFH WKH DGGLWLRQ RI IUHH ,/ LQWR 3,/PHPEUDQHVPD\ LPSURYH WKHLU SHUIRUPDQFH LQ JDV
VHSDUDWLRQ LW LV GHVLUDEOH WR XQGHUVWDQG WKH ZKROH PDWHULDO UDQJH IURP WKH 3,/V WR ,/V
HQFRPSDVVLQJ 3,/,/ FRPSRVLWH PHPEUDQHV VR WKDW QHZ 3,/,/ PHPEUDQHV ZLWK FRPELQHG
SURSHUWLHVEHWZHHQWKHWZRLRQLFPDWHULDOVFDQEHGHYHORSHG
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GLDOO\OGLPHWK\ODPPRQLXP ELVWULIOXRURPHWK\OVXOIRQ\OLPLGH
SRO\>S\U@ >17I@ E\ WKH DGGLWLRQ RI      DQG  ZW RI %XW\O
PHWK\OS\UUROLGLQLXP ELVWULIOXRURPHWK\OVXOIRQ\OLPLGH >S\U@>17I@ ZHUHPHDVXUHG LQ RUGHU WR
HVWDEOLVKWKHIHDVLELOLW\RIXVLQJWKHVHLRQLFPDWHULDOVDVPHPEUDQHVIRU&2VHSDUDWLRQ
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VROYHQW FDVWLQJPHWKRG )LJ  ZLWK WKH H[FHSWLRQ RI ,/ FRPSRVLWLRQV KLJKHU WKDQ  ZW
ZKHUH OLTXLG PL[WXUHV ZHUH REWDLQHG ,Q RUGHU WR FRYHU WKH ZKROH PDWHULDO UDQJH IURP VROLG
SRO\PHULFLRQLFOLTXLGWROLTXLGQHWZRUNLRQLFOLTXLGVXSSRUWHGOLTXLGPHPEUDQHVRIWKHSXUH,/
DQGWKHOLTXLGPL[WXUHRISRO\>S\U@>17I@ZLWKZWRI,/ZHUHSUHSDUHGXVLQJDSRO\PHULF
SRURXVPHPEUDQH39')DVVXSSRUWLQJPDWHULDO*DVSHUPHDWLRQH[SHULPHQWVXVLQJ&21
DQG&+LQDOOWKHSUHSDUHGPHPEUDQHVZHUHSHUIRUPHGXVLQJDWLPHODJDSSDUDWXV
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)LJ  ± 3UHSDUHGPHPEUDQHV EDVHG RQ S\UUROLGLQLXP LRQLFPDWHULDOV D SXUH 3,/ E 3,/
,/F3,/,/DQGG3,/,/
7KH SUHSDUDWLRQ RI FRPSRVLWH PHPEUDQHV UHSUHVHQWV DQ LQFUHDVH LQ SHUPHDELOLW\ IRU DOO WKH
VWXGLHGJDVHVRYHUFRPLQJ WKHKLQGHUHGGLIIXVLRQRIJDV LQ WKHSRO\PHU7KHFRPSRVLWHVDOVR
SURPRWHDQ LQFUHDVHGSHUPVHOHFWLYLW\ IRU&21ZKLOH WKHRSSRVLWHEHKDYLRXUZDV IRXQG IRU
&2&+ )LJ  7KH DGGLWLRQ RI IUHH ,/ WR WKH SRO\PHU V\VWHP KDV WKH PDLQ UROH LQ WKH
SHUPVHOHFWLYLW\RIWKHSUHSDUHGPHPEUDQHV
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)LJ3HUPVHOHFWLYLW\VROXELOLW\VHOHFWLYLW\DQGGLIIXVLYLW\VHOHFWLYLW\RI&21DQG&2&+LQ
PHPEUDQHVEDVHGRQS\UUROLGLQLXPLRQLFPDWHULDOV
7KHVWXG\RIWKHZKROHPDWHULDOUDQJHDOORZVIRUWKHVHOHFWLRQRIWKHDSSURSULDWHDPRXQWRI,/VR
WKDW WKHJDVVHSDUDWLRQFRPSRVLWHPHPEUDQHFORVHVW WR WKHXSSHUERXQGRI WKH5REHVRQSORW
FDQEHSUHSDUHG0RUHRYHU WKH UHVXOWVRI WKLVZRUNVKRZHG WKDWE\FRPELQLQJ LRQLFPDWHULDOV
3,/V DQG ,/V ZLWK DSSURSULDWH SURSHUWLHV IRU D GHVLUHG VHSDUDWLRQ LV SRVVLEOH WR REWDLQ YHU\
SURPLVLQJPHPEUDQHVZLWKLPSURYHG&2VHSDUDWLRQSHUIRUPDQFHV
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